STAT1 plays a role in TLR signal transduction and inflammatory responses.
Activation of the Toll-like receptor (TLR) family of innate immune sensors stimulates multiple signal transduction pathways. Previous studies have suggested that TLR2, TLR4 and TLR9 induce serine phosphorylation of Signal Transducers and Activators of Transcription-1 (STAT1) at residue 727 (S727), although its role in TLR signaling was unclear. We report here that STAT1 rapidly undergoes phosphorylation following TLR4 challenge with lipopolysaccharide (LPS) in a model of LPS hypersensitivity in vivo. Importantly, genetic ablation of STAT1 protected against LPS-induced lethality suggesting that STAT1 may have a key role in TLR-induced inflammation. We have found that multiple TLRs induce Ser727 phosphorylation of STAT1, which is dependent on MyD88 and TRIF signaling, but independent of interferon (IFN) regulatory factor (IRF)-3, IRF7 and the IFN receptor complex, suggesting that activation is a direct TLR response rather than autocrine activation via IFN. Importantly, we found that STAT1 interacts with tumor necrosis factor (TNF) receptor-associated factor-6 (TRAF6), a key mediator of TLR signaling after TLR challenge and that following activation, STAT1 translocates to the nucleus. Critically, macrophages generated from mice in which the S727 residue was replaced with alanine (STAT1 S727A mice) display significantly reduced TNFα protein production, but not reduced interleukin-6 or RANTES protein in response to multiple TLR challenges, as compared with wild-type macrophages. These results clearly demonstrate cross-talk between the TLR and JAK/STAT signaling pathways with direct recruitment of STAT1 by TRAF6 and that the direct activation of STAT1 by TLR signaling suggests a crucial role for STAT1 in TLR-induced inflammation.